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ABSTRACT

Since 1965, an index live-count method has been used tollgmstianate the number of coho
salmon in the escapement to the Skagit River. Theracg and precision of the estimates
from this method have never been critically examined. five-year project to examine
alternative methods of estimating the number of wildocealmon in the escapement to the
Skagit River was begun in 1986. In addition to the indexdment method, three other
methods of estimating the coho salmon escapementetdSkagit River were examined:
(1) a mark-recapture method; (2) a redd-count expansion chedhd (3) a method based on
estimates of the proportional contribution of hatchemyduced coho salmon to the total
escapement. This report documents the results of the mark-recaptureportion of the
project for 1990.

In 1990, coho salmon were captured with a beach seingeatmile 35 near the town of
Lyman on the Skagit River from 7 September through 7 Nbeem A total of 670 coho

salmon were tagged with a jaw tag and marked with operculzghpsin Tags were recovered
during surveys designed to randomly sample the coho salseapement. Tag recovery
samples were collected at 13 areas in the Skagit Rivimade Marblemount Hatchery; Baker
River trap; spawning grounds in the Middle Skagit, Upper Skiagwer Sauk, Middle Sauk,

Upper Sauk, Suiattle, Cascade, Nookachamps, and Carpenteassudl-and in commercial or
test fisheries. In total, 15,478 coho salmon were exainiof which 15,303 fish were
considered in-sample and 175 were not considered part pbfhation subject to tagging.

A total of 154 tagged or marked coho salmon were recoveraagdorsample surveys. The
tag recovery data indicate that approximately 1.5% otti® salmon migrating through the
lower Skagit River tagging area were caught and tagged. Abb%i of the coho salmon
returning to Marblemount Hatchery and 1.2% of the colimaareturning to Baker River
trap were tagged. About 1.5% of the fish in the combinetbkes from all spawning grounds
above the tagging area were tagged. The tag recoveryndatate that some coho salmon
from spawning areas downstream of the tagging site wesepir in the tagging area. There
were three tags recovered in 4,733 coho salmon examin&éo)(Qduring sampling of
downstream areas.

The estimated abundance of coho salmon in 1990 was 47,064itlisla 95% confidence
interval of 40,507 to 56,955 fish. This estimate is forthmber of coho salmon migrating
through the tagging area after tagging began on 7 Septentbarcludes all coho salmon
bound for spawning areas above the tagging area and an unkagtion of the salmon from
spawning areas in the Nookachamps and Carpenter sub-basissabundance estimate was
very precise (CV = 7.6%) because of the large numbeisbfdxamined for tags during
in-sample surveys. To restrict the estimate to spayvareas in the Middle Skagit sub-basin
and spawning areas above it, “adjustments” were madetoumber of tags released. Using
the adjusted number of tags released, the estimated abandaritis more restricted area
was 46,433 coho salmon.The total return of coho salmon to Skagit Bay in 1990 is
estimated to be 60,444 fish. There were an estimated 38,914 natly-spawning coho
salmon in the escapement to Skagit River spawning ground87,574 fish were estimated
to have reached upstream spawning grounds and 1,340 coho samoestimated for lower
river (Nookachamps and Carpenter sub-basins) spawning gr@eglsummary table on the
next page).



Table summarizing the total return of coho salmonkag®
Bay in 1990 by its major components.

Component Number of Fis]h
Total Terminal Run Size 60,444
Marblemount Hatchery 7,329
Baker River Hatchery 629
Commercial Fishery Catches 11,944
Test Fishery Catches 1,628
Subtotal 21,530

Wild Escapement

Upstream Areas 37,574
Lower Areas 1,340
Subtotal 38,914
Sport Catch 497

% An unknown portion of the sport catch should be subtraooed
the wild escapement and the remainder added totdetérminal
run size
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INTRODUCTION

The Skagit River is the largest river system in the P&gaind region. It has 162 miles of
mainstem river and its headwaters are in Canada (Figur@his system is one of the largest
producers of coho salmom®iicorhynchus kisutch) in northern Puget Sound. Coho salmon
from the Skagit River are caught in fisheries from Rerh California to Southeast Alaska and
are a major contributor to fisheries in the insidaineawaters of Georgia Strait and Puget
Sound (PFMC 1992). The Skagit River is managed for naturduption of coho salmon
(subsequently referred to as wild coho salmon). Insygdren the numbers of wild coho
salmon projected to return to the Skagit River are shigllleries from Cape Falcon, Oregon
to the US/Canada border have been constrained to ptbese fish (PFMC 1986, pg. 1lI-9;
and PFMC 1988, pg. IlI-11). Accurate annual assessmente®ak status are required for
coho salmon from the Skagit River because this stockaffact the management of fisheries
over such a large geographic area. This ensures thatidis are not unnecessarily restricted
during years when there is not a conservation probfehrpeaevents over-harvest of wild coho
salmon from the Skagit River during years of small returAn important component of the
information needed to accurately assess the statutdatatio salmon from the Skagit River is
an annual estimate of the number of coho salmonansgfawning escapement. Spawning
escapement, as used in this report, refers to the nwhbdult coho salmon which are present
in all natural spawning areas of the Skagit River ane hlae potential to spawn in these areas.
It does not include coho salmon returning to Marblemdtatchery or to the release site for
hatchery-produced coho salmon at the Baker River dam.

Since 1965, the Washington Department of Fish and WilW@FW) has used an index live-
count method to annually estimate the escapement of €almon to the Skagit River (Flint
1983). The accuracy and precision of the estimates th@method have not been critically
examined. A five-year project to examine alternamnethods of estimating the number of wild
coho salmon in the spawning escapement to the Skagit ®Ras begun in 1986. This project
was conducted by the Skagit System Cooperative (SSQ@oipecation with personnel from
WDFW and Puget Power and Light. Three methods of egtightite spawning escapement of
coho salmon to the Skagit River were examined: (l)agk4recapture method; (2) a redd-
count method; and (3) a method based on estimates gbrdmortional contribution of
hatchery-produced coho salmon to the total escapement.

This report is the fifth in a series of reports tdatuments the studies conducted from 1986
through 1990 which examined different methods for estimatiaggscapement of coho salmon
to the Skagit River. The 1986, 1987, 1988, and 1989 studies are sumimeespectively, in
Conrad et al. (1997, 1998a, 1998b, 1998c)his report summarizes the data and
documents the results of the mark-recapture portion of theproject for 1990. Reports
documenting the results of the other methods of estmatill follow. Some summary data
from the other years of the study are used to support ebthe assumptions required for the
analysis of the tagging data from 1990. These data are do®dne Conrad et al. (1997).
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METHODS

The description of methods is divided into four sectionEhe first section describes the
methods used to capture coho salmon for tagging and the gam@inedure. The second
section describes the surveys used to recover tagss ifdludes a description of the
survey procedures for each of the tag recovery areasctioB three summarizes the
statistical procedures used to estimate the abundanod@fsalmon from the tag release-and-
recovery data. The last section describes some l@is@eus analyses conducted to examine
migration timing and the sex and length composition efcitho salmon that were sampled.

Tagqging Methods

Beach Seining:

Coho salmon were captured for tagging using a beach sperated by a five-man crew.
Seining was conducted primarily at a single site at aBdit35 near the town of Lyman on
the Skagit River (Figure 2) A beach seine that was 496ng by 20 deep was used to
capture coho salmon. The seine had two wings: on€Q®dsng and made of 3:%notless
nylon and the other was 33ldng and made of 2.75monofilament. The net had a'3funt
made of 2 knotless seine material. Cork spacing wasi8the bunt and two feet on the rest
of the net. The leadline was hung with 15 Ib pérd@et. Modifications in net dimensions
occurred whenever the seine was damaged. Due to heavyhastadline was rehung
about every four fishing days and the monofilament veadaced after every eight to ten
fishing days.

A boat was used to set the beach seine. One ené skie was held by two crew members
on a gravel bar while the boat backed away from tbeesand the net was set off the bow of
the boat. When the entire net was out, the boatétide net was towed downstream. The
other end of the net was attached to a four-wheel tiniek and driven slowly downstream.
Care was taken to prevent the shore-end of the netdedting ahead of the boat because fish
tended to lead away from the shore and around the latng the drift, a seine plunger (a
long pole with a cup on the end) was slammed into therwsgriodically to drive fish away
from the river-end of the net and toward the shoret aApre-designated point the boat
returned to the gravel bar. Upon reaching the shoeebdhat-end of the net was attached to
the back of a second four-wheel drive truck. Both trubks pulled the net up the gravel bar,
perpendicular to the river, until only the bunt end of teé was in the water. The five-man
crew then pulled the bunt in by hand until the leadline wa shore while the cork line and
ends were cradled by the crew.

! One coho salmon was tagged on October 30, 1999 at a miedirimet site.
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Tagging Procedures:

Coho salmon were removed from the bunt and placed ititer ®f two net pens adjacent to
the capture site. All other species were counted andnest to the river. The pens were 3
by 5 by 5, constructed of PVC, and covered with "Ohotless nylon mesh. Each coho
salmon was taken from a net pen by a sampler wearittgncgloves and placed on a
V-shaped measuring board lined with high-density foam. equsntially-numbered hog ring
was clamped around the lower left mandible of eachufssing a pair of hog-ring pliers and a
3/8" hole was punched in the rear center of each gill opercwith a paper hole-puncher.
From 7 September through 19 October, yellow bands were asetthe hog rings; from
24 October through 7 November red bands were used. Thdefogih (measured to the
nearest cm), sex of the fish, any external markd, amualitative assessment of maturity
(bright, blush, or dark) were recorded for each fish withdate and tag number. Each tagged
salmon was held gently in the water until its equilibrivas regained before being released. If
a tagged fish did not swim away or appeared to be injureddstgiven a condition rating of
“X-".  Fish that swam away normally were given a dibion rating of “X”. Fish with severe
physical impairments (e.g., 50% scale loss, torn operadap predator wounds) were
released untagged. These included jack coho salmon (nh@lensander 30 cm in length)
which generally gilled in the net and were unfit for taggi

Tag Recovery Surveys

Only tags recovered during surveys designed to randomly sémept®ho salmon escapement
were used for the abundance estimates. These anedeferasn-sample recoveries Tag
recovery surveys were conducted by sampling: (1) alldwned, surplused, or otherwise
sacrificed at Marblemount Hatchery; (2) all fish caughthe fish trap at Baker River dam;
(3) the catch by the in-river commercial fishery; él)test fishery catches; (5) every reachable
and identifiable dead coho salmon found during spawning groundsys; and (6) every coho
salmon caught in traps operated on: Carpenter Creek Slaugbutary to Carpenter Creek)
and Etach Slough (a tributary to the Middle Skagit sub-padiuring each survey or day of
trap operation, the date, number of coho salmon ingpdotetags, number of tagged or
marked (with the opercula punches) fish found, and tag nurobatscoho salmon recovered
with legible jaw tags were recorded.

Marblemount Hatchery:

Samples were collected by four different methods at WBARWarblemount Hatchery in 1990:
spawned fish, surplused fish, pond mortalities, and abake-racoveries. After any
processing, hatchery personnel sorted fish from tlsé thiree groups into separate bins for
tagged/marked and unmarked fish. SSC crews then re-chedssl liims for coho salmon
with tags or marks. Due to flooding at the hatcher$980, some coho salmon which had
entered the hatchery escaped to feeder ponds abovettherla These fish were sampled
using beach seines and are referred to as above-raplesariihe date of sampling, number of
coho salmon inspected for tags, number of tagged or maskefd@ind, and tag numbers of all
coho salmon recovered with legible jaw tags were obaxhr



Coho salmon were spawned at Marblemount Hatchery tet mpecific egg-take goals.
Spawning was conducted when the portion of the run fromhwdggs were desired was
present and there were large numbers of fish in thdingolponds. Hatchery personnel
selected fish for spawning and sorted them into the &ftes spawning for SSC crews to
examine. Surplused fish were those in excess of thvengpa needed for eggs. Surplus coho
salmon were periodically sacrificed and sorted into bms. The holding pond was
periodically surveyed for mortalities and any dead colm@awere removed and sorted into
the bins. A schematic of the Marblemount Hatchamsing procedure is shown in Figure 3.

Except for the pond mortalities, hatchery personnetcsedl the coho salmon for the other two
groups, spawned and surplused, according to a visual assess$itienfish and the timing of
the return to Marblemount Hatchery. Therefore, thigse were not strictly sampled at
random and the percentage of tagged fish in these sampgleshave been influenced by the
selection process. However, sincecaho salmon returning to the hatchery were sampled, th
Marblemount Hatchery sample was a census and the saotplefor the entire spawning
season provided the best estimate of the percentagggdd coho salmon at Marblemount
Hatchery.

Baker River Trap:

A fish trap at Baker River dam caught all upstream miggagaimon. _Allcoho salmon caught
at the trap were examined. Fish caught in the trap wereded into a brail and several
removed at a time onto a sorting table. Each colmosawas examined for a tag or mark.
The sample date, condition, and tag number (when legiged recorded for any jaw-tagged
or opercula-punched coho salmon. After all live fisthia brail were removed, the racks and
screen of the trap were searched for dead fish. Tdrereentically to the Marblemount
Hatchery sample, the Baker River trap sample was ais@amsl the sample total for the entire
spawning season provided the best estimate of the pageenf tagged coho salmon at the
Baker River trap.

The Baker River stock is one of the earliest returomigo salmon stocks to the Skagit River.
Coho salmon were counted at the Baker River trap b&dggng was begun in the lower river
during two years of the study. In the other years efstludy, coho salmon were counted at
the trap so soon after tagging was initiated that wenasd some fish had migrated past the
tagging site before tagging had begun and, therefore, wesibgct to capture. Since these
early-arriving fish were not subject to tagging, we edetl them from the number of fish
examined for tags that was used for the population estinfaé., they were not considered in-
sample). We examined the number of days between eedgmlsrecapture for all coho salmon
recovered at the Baker River trap during the five yeltagging. The minimum travel time
(number of days between being tagged and released intbe iver and recovered at Baker
River trap) observed during the study years was four daysré@ et al. 1997). Therefore, all
fish counted at the Baker River trap prior to four daysraftgging had begun were excluded
from the in-sample survey.
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In-River Commercial and Test Fisheries:

Tag recovery samples from the commercial catch wellected in conjunction with routine
commercial catch sampling activities. The Skagit Rigedivided into statistical areas for
commercial catch regulation (Figure 4). To allow tagovecy samples from the catch to be
analyzed by area of capture, all major salmon buyers wstructed to place catches from
each statistical area into separate bins. This oagwduring all salmon fisheries in the upper
Skagit River during 1990. In 1990, most samples were allocateabtareas (78D-2, 78D-3,
etc.) within Area 78D. When the sub-area was not kngwn the sample was labeled “Area
78D”), we assigned the sample to the upstream areas (78D78#) for population
analyses. Three samples were labeled “Area 78D-2&3'asg@ned these samples entirely to
Area 78D-2.

A test fishery was conducted by a crew from Skagit Sysimoperative to provide an in-
season assessment of the size of the coho salmonmuk®90, test fisheries were conducted
in: Area 2; Spudhouse; Blakes; and Jetty in Skagit Bay @igur Drift and set gill nets used
at the test fish sites had mesh sizes ranging froto 8'. Hayman (1996) describes the test
fishing procedures in detail. All coho salmon caught duitiegtest fishery were inspected for
tags or marks.

Both WDFW and tribal commercial catch and hatchemgpdars in areas outside of the Skagit
River were notified to look for jaw tags from the Skdgiwer study. These recoveries allowed
us to assess the degree of out-of-system straying loysakmon tagged in the mainstem of the
Skagit River.

Spawning Grounds:

Tag recovery surveys of the spawning grounds were condurct@shjunction with surveys to
estimate the coho salmon escapement using redd coumsafCet al. 1993). For the redd-
count method, the Skagit River system was stratifiemtimé nine sub-basins listed by Johnson
(1986): Carpenter; Nookachamps; Middle Skagit; Upper Skagit; L&aek; Middle Sauk;
Upper Sauk; Suiattle; and Cascade (Figure 1). Stream secdtioeach sub-basin were
surveyed from one to 11 times during the spawning perioddioo salmon. In 1990, about
16% of the total length of potential spawning habitahenSkagit River was surveyed (Conrad
et al. 1993). During spawning ground surveys, any coho salmaasses observed were
sampled for jaw tags and opercula marks. Gill opercula taigged carcasses were carefully
inspected for marks or healed marks. A healed (regedg¢nagk was evident as a perfectly
round discoloration on the gill cover that was lightecolor than the surrounding opercular
tissue. Occasionally a carcass could not be sampleauseoof a missing head due to
advanced decomposition or removal by predators. Unsaropltedsses were tallied during
each survey. The date, survey location, number of salmon carcasses sampled, number of
tagged or marked fish recovered, and tag numbers of all sglhwn recovered with legible
jaw tags were recorded during these surveys. The caudal &fh sampled carcasses was
removed to prevent the carcass from being sampled again.
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Tributary Traps:

SSC operated traps on Carpenter Creek Slough (a tribatahe tCarpenter sub-basin) and
Etach (or Red Cabin) Slough (a tributary to the Middleg&lksub-basin) in 1990. Both traps

were wooden weirs that blocked the entire creek and leohfish into a live box. Traps were

located in areas that had easy accessibility, aosectirelatively straight stream channel with a
low gradient, and a stable substrate.

All traps were checked and cleaned at least twice dailknotless-nylon dip net was used to
move the trapped coho salmon into a 30-gallon plasticacent filled with water. All coho
salmon caught were examined for tags or marks and tleased upstream. A Petersen disk
tag and a unique operculum punch (i.e., a punch pattern diffeoemtthat used in the main-
river tagging) were placed on all coho salmon releasedeathe traps. The trap crews also
recovered tags at the weirs from spawned-out carcassels had washed downstream from
the spawning areas (called rack recoveries). The céindahs cut off all rack recoveries.
The date, number of coho salmon sampled, number of taggedrked fish recovered, and
tag numbers of all coho salmon recovered with legivetpgs were recorded.

Abundance Estimates

Two different mark-recapture models were considered famatng the number of coho
salmon which migrated through the tagging area in theridskagit River, the Petersen
estimation model and Darroch’s stratified estimatimdel. When tagging and recovery occur
over an extended time period, such as occurred in this,gtudynot uncommon to observe
temporal changes in: (1) the probability of capture sl in the target population; and/or
(2) the probability of finding a tagged fish during tag recgwwirveys. When such changes
occur the Petersen model is often not the appropridgimag®n model. Seber (1982)

describes a series &f tests to determine whether the data are consisteht auPetersen
estimate. Specifically, the tests determine whetierdata are consistent with the following
four conditions: (1) there was uniform recovery of tagss the tag recovery strata; (2) there
was uniform tagging across the tag release strata; € tivas complete mixing of the
population between tagging and recovery; and (4) the expaateler of tags recovered in
each stratum was proportional to the number of unmarkiddoals present.

Eames et al. (1981, 1983) describe the exact form of thetefor a study similar to ours in
both the study design and estimation procedures. They edpthum and coho salmon in
marine areas immediately in front of the mouths ojomaver systems in Puget Sound and
tagged the fish with jaw tags. Tags were recovered dutingeys of spawning grounds
throughout these river systems. We followed procedundlaisto those described by Eames
et al. (1981, 1983) to determine the appropriate estimationlmode
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Petersen Estimation Model:

The simplest and most commonly used model for estimatwgpdance from mark-recapture
data is the Petersen model. Conrad et al. (1997) discaiggetessary assumptions for the
Petersen model as implemented for this study.

Robson and Regier (1964) recommend that a Petersen estitiatde a minimum of seven
tag recaptures to ensure that the bias of the estimaegligible. Therefore, we estimated
abundance from the tagging data only when there weeastt $evemecaptures of tagged or
marked coho salmon from a recovery area. Chapmanias@tbform of the Petersen estimate
(Seber 1982) was used to estimate abundance. Conrad¥19l) describe the model and
the procedures used to estimate 95% confidence interifals.any Petersen-type estimator
(including Darroch’s stratified estimator), the abundamstimate depends upom the
proportion of the population tagged. The proportion of taghe second (recovery) sample
provides an estimate pf Generally, asp becomes smaller the estimated abundance becomes

larger for a given number of tags released.
Darroch’s Stratified Estimation Model:

Darroch (1961) developed a stratified population model for gugsulations that is not
predicated on constant probabilities of capture or regové&he necessary assumptions for
this model are discussed in Seber (1982) and summarized bgdCetral. (1997). Conrad et
al. (1997) also describe the model and its application ¢otd release-and-recovery data
collected for this study.

Definition of Strata:

Two different tag recovery percentages were examinedetop define tag release and tag
recovery strata. To determine if the probabilityfiofling a tagged fish in recovery samples
was different among recovery locations or among diffetine periods at the same location,
the percentages of tags in recovery sampgeas(defined previously) were compared. The
percentages of tags recovered from releases during spgoéistratayt, were compared to
determine if there were differences in the probahdityecovering fish tagged during different
segments of the release period. For these testsina@essary to define temporal strata for
both the tag release data and the tag recovery datafomrecovery area.

Tag release strata were established by dividing thaseldata into four to six strata with
about an equal number of days of tagging in each stratuine. p&rcentages of tagged fish

recovered from each release stratum \Were compared using tests to determine if they

were equal. If a significant difference was fouRd(0.10), additionaX® tests were conducted
to more precisely define the release strata by podaljgcent strata which did not have
significantly differentrt
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Three different criteria were used to establish tagwexy strata: (1) number of days of
sampling; (2) number of tags recovered; and (3) numbeslofefkamined for tags. Initially,
two recovery strata were defined by dividing the datahswe were approximately equal
numbers of the criteria (days surveyed, number of tagaumber of fish examined) in each
stratum. The percentages of tagged fish in each recetratym ) were tested to determine
if they were equal among recovery strata for eachifgtaéion criteria. If a significant
difference was foundR(< 0.10) additionak® tests were conducted within the initial strata to
more precisely define the recovery strata.

Testingp andrt

Tests were conducted to determine if there were signfficlifferences in tag recovery
percentages (eithgr or ) between different samples or groups of fish (e.g., éetmsurveys
conducted by SSC and WDFW, or between samples collected) dlifferent time periods, or
between samples collected at different locations,etwéen male and female coho salmon).
When the expected number of tag recoveries for each gnoapcomparison was five or
greater, a standan¥f test (Conover 1980) was used to test for differenceagnrécovery
percentagesp(or m). If the number of tag recoveries was insufficient &4 X* test (one or
more cells with expected frequencies less than fivd)there were only two release strata or
recovery locations to compare, Fisher's exact t€sinpver 1980) was used. Otherwise, an
approximate randomization test (ART) was conducted (NorE289). An approximate
randomization test is a computer-intensive methodsting whether the data in a contingency
table are similar. It is similar to Fisher’'s exéest but uses a computer to repeatedly resample
the data and approximately estimate the probabilitybséoving the configuration of the data
in the table (under the null hypothesis that the sangptefrom the same population).

Selection of Estimation Models:

If we assume that coho salmon bound for each recarery are randomly sampled as they
migrate through the lower river tagging area, the regodlata (number of tagged or marked
fish found and number of fish examined) from each regoaeea can be used to estimpte
the percentage of the population that was tagged. If ypethesis of equajp among
recovery areas was not reject&d>0.10), the tag recovery data from the different aneae
pooled. The pooled data were then used in the tests ¢onue if the tag release-and-
recovery data were consistent with the Petersen matlelfeel that the variation ip among
the recovery areas generally reflects sampling vanat the recovery areas. The number of
carcasses examined for tags was relatively sma#idare recovery areas. In some cases, all
samples were collected from a relatively discrete and@n the general recovery area which
could influence the proportion of tagged carcasses presgemerally, the areas with greatly
different recovery percentages (more than a 0.5% differétom the major recovery areas)
had less than seven tag recoveries each.
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The different population estimates that were generateg) tise data from different recovery
areas (or pooled recovery areas) were usually not ismmtfy different from each other.
Therefore, we selected the estimate with the smallesfficient of variation as the “best”
estimate of abundance for each year.

The model used to estimate abundance, simple Petersddamoch’'s stratified, was

determined by the results of the tests for the camsigtof the data. The fo¥f tests used to
determine consistency are described by Seber (1982) drantiys et al. (1981, 1983).

Allocating Marked-Only Fish to Release Strata:

From 12% to 24% of the in-sample recoveries each yehahag with an illegible number or
had no tag and were identified as tagged fish by the opgraothes. The release stratum for
these fish was unknown and had to be estimated fortridu#fisd estimator. Marked fish with
missing or illegible tags were allocated to releasatatwithin a recovery area based on the
proportional distribution of legible tags from each reéeatratum (Conrad et al. 1997). This
assumes that tag loss or tag illegibility is a randonegs® and that coho salmon tagged during
each release stratum have equal rates of tag losefdiegrfish with missing or illegible tags
are assumed to have a similar distribution for stratbimlease as fish with legible tags. If tag
loss (or a tag becoming illegible) is a time dependentga®y then fish tagged during the
earlier release strata might be expected to have highes of tag loss and this assumption
would not be true. Eames et al. (1981, 1983) used procedures somiurs to allocate fish
recovered with missing tags to release strata in @teidy. Errors in the assignment of
marked-only fish to release strata affect only ther@zh estimate.

Additional Analyses

Several additional analyses of the data collected duaimgirig and tag recovery surveys were
conducted. These included analyses to determine thegtinfirthe migration of different
spawning groups through the tagging area and analyses ohddength composition data.
These analyses were not required for the abundanceatgtifout were conducted to describe
the characteristics of the annual return of coho @alte the Skagit River during the study
years.

Migratory Timing to Major Recovery Areas:

The timing of coho salmon migrating through the loweenritagging area was estimated from
an analysis of the release dates of the tags reacbwerach major recovery area (excluding
commercial and test fisheries). Only areas with ¢enmore legible tag recoveries were
included in the analyses. Ten, 10-day time periods weiligedefor the migratory timing
calculations: (1) 1 September to 10 September; (2) 11 Septetobe&20 September;
(3) 21 September to 30 September; (4) 1 October to 10 Oct@berll October to
20 October; (6) 21 October to 30 October; (7) 31 OctoberNoWember; (8) 10 November
to 19 November; (9) 20 November to 29 November; and (10) 3@rNoer to 9 December.
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Catch-per-unit effort (CPUE) by the beach seine usezhpdure coho salmon for tagging was
used to describe the timing of the run through the taggew iarthe lower river. CPUE was
calculated for each 10-day period as the total number laf salmon caught divided by the
total number of beach seine sets (catch per setg nilimber of tags recovered in each major
recovery area from each of the release periods waltasestimate the CPUE of coho salmon
bound for these areas. The CPUE of coho salmonrfecovery areg during release periad
was estimated by:

N F;
@y =+ (1]

the estimated CPUE of coho salmon from recoveea p during release

periodi,
the number of tags recovered in gréaat were released during perigénd
the number of beach seine sets made during period

=
=
5]
o
|

For each area analyzed, the CPUE estimated for eadhylPeriod was summed across all ten
time periods to estimate a season total CPUE of sahnon bound for that recovery area.
The estimated CPUE of coho salmon from recovery jadeaing time period was converted
to the percentage of this season total CPUE for exgoareg to describe migratory timing
(Mundy 1982). These data were then graphed so that the omgtaming patterns for the
major recovery areas could be compared.

Analyses of Sex and Length Composition Data:

Significant differences in the probability of recowgricoho salmon tagged during different
release periodsrff were found at some recovery locations in 1990. Tempeats in the
probability of recovery could be due to changing envirartaleconditions at the tagging site
which influenced the probability of capture. For exampigh and low water conditions may
have influenced the effectiveness of the beach seiad to capture fish in the tagging area.
Under low water conditions a higher proportion of theasalmon present might have been
caught than under high water conditions. Another posskfganation is that physical
characteristics of the fish themselves (for examgds, or length) may influence both rate of
capture for tagging and rate of recovery in tag recoanptes. For example, the beach seine
may capture larger coho salmon at a higher rate thaflesraoho salmon so that a higher
proportion of the larger fish were tagged. As long asetieerandom mixing of coho salmon
tagged during different time periods in the recovery at@ad,the recovery process does not
have the same selectivity as the capture procesgrdsents no problems for the abundance
estimates.

Significant differences in the probability of findingtag during surveys conducted at different
times in a recovery are@)(were often found. Temporal trends in the physicatatdiaristics
of the population, combined with temporal trends in capaffieiency at the tagging site,
could cause the changes observed. During spawning groundssunadg fish may be more
likely to end up in locations that are sampled than fermsth, or larger fish may have a higher
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probability of being seen and sampled during spawning groundysutiran smaller fish. The
available data were examined to determine if thedgemfes were present. The data used in
these analyses were the length and sex compositionfatatdl coho salmon tagged at the
lower river tagging site and the tag recovery data usedh®mpopulation estimates. Coho
salmon recovered with a missing or illegible tag butifggan operculum punch could not be
used since their length and sex were not recorded abfinregovery.

Seber (1982) recommends testing the release (tagging) anemgfescapement) samples for
randomness with respect to length of the individual figlhe recovery sample was tested by
comparing the length distributions of individuals that wiaxgged but not recovered those
individuals that were tagged and recover@&bth a Mann-Whitney U test and a Kolmogorov-
Smirnov (K-S) test (Conover 1980) were used to compardetiggh distributions of coho
salmon from these two groups. These same tests Msreused to compare the length
distributions of male and female coho salmon that wagged in the lower Skagit River.

If there was a significant difference between thgtlerdistributions of male and female coho
salmon subsequent analyses were conducted for eachpseats®y. If there was a significant
difference between the length distributions of cohansal which were tagged but not
recovered and those that were tagged and recovered, #sSvere performed sequentially on
the length distributions to determine length categori#is mo significant difference between
these two groups. Testing began between 65 and 70 cm (@b@bvethe length distributions
of the two groups were not significantly different) aeddth was sequentially decreased by
one cm intervals until a significant differende< 0.05) between the groups was found. A K-S
test was then performed on those fish that wereeatettigth of the significant difference or
smaller. If there was a significant difference betwehe fish which were tagged but not
recovered and those that were tagged and recovered thesproas repeated for the fish in
this smaller length range.
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RESULTS

The results of the tagging conducted in 1990 are summarizée ifoltowing five sections.
The summary consists of: (1) tag releases by day; §2etzoveries by location; (3) abundance
estimates produced using the tag release-and-recovery (datdditional analyses which
include migratory timing information from the releas@laecovery data and sex-length
composition data; and (5) a discussion of the “bestinasé of the number of coho salmon
migrating through the tagging area in the lower Skagit River

There are two different tag recovery percentages pexsemtthe results; the percentage of
tags recovered from the tag releases during a specigcstiratum 1) and the percentage of

tagged fish in samples collected during tag recovery sufpgyslhe recovery data from each

major area were tested to determine if there werefisart temporal differences in both of

these percentages. The results of these tests deddrminch data were pooled and which
model was used to estimate the abundance of coho saisnog the recovery data for a

specific area or group of areas pooled.

Tag Releases

Tagging began on 7 September and continued through 7 Novembéstal of 670 coho
salmon were tagged during 24 days of tagging (Table 1). Abouto23Be tagged fish were
eventually recovered during surveys conducted to estimateetttentage of tagged fish in the
escapement.

The percentage of each day’s release of tags that neeoeered ranged from 0% to 33%
(Figure 5). Generally, coho salmon tagged and releasedydigptember were recovered at a
higher rate than those tagged and released in OctobéMamnber. Four temporal release
strata were defined to determine if there were sigmfidifferences it among the release
strata using the recoveries at each major area.folingelease strata were:

1. 7 September to 21 September;
2. 26 September to 3 October;

3. 8 October to 25 October; and
4. 29 October to 7 November.

Significant differences it among the release strata were found for the recevete
Marblemount Hatchery, the combined upriver spawning grouwsmis,the commercial fishery
(Table 2). There were no significant temporal diffeemnint among release strata at the only
other major recovery areas (Baker River trap and Horeeovery areas combined). These
tests were conducted only for recovery areas withrsevenore legible tag recoveries.
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Table 1. Number of coho salmon tagged each day and nurimesample tag recoveries
from each day's release for the Skagit River, 1990.

Number Tag Recoveries by Ared Recoveries
Date Tagged MMH BAK MSK USK LSA MSA USA SUl OTH CFS TFS Total (%) T
07-Sep 13 4 0 0 0 0 0 0 0 0 0 0 4  30.8%
10-Sep 15 1 0 0 0 0 0 0 0 0 1 0 2 13.3%
11-Sep 10 2 0 0 0 0 0 0 0 0 0 0 2  20.0%
14-Sep 41 2 2 0 0 0 0 0 0 0 3 1 8 19.5%
19-Sep 40 5 4 0 0 0 0 0 0 0 0 0 9 225%
20-Sep 14 2 0 0 0 0 0 0 0 0 0 0 2 143%
21-Sep 28 1 0 0 0 0 0 0 0 0 0 0 1 3.6%
26-Sep 23 4 1 0 0 0 0 0 0 0 1 0 6 26.1%
27-Sep 31 7 1 0 0 0 0 0 0 0 1 0 9 29.0%
28-Sep 32 7 0 0 0 0 0 0 0 0 1 0 8 25.0%
03-Oct 73 8 3 0 0 0 0 0 0 1 0 0 12 16.4%
08-Oct 57 6 3 1 0 1 0 0 0 0 0 0 11 19.3%
09-Oct 78 11 1 0 2 0 0 0 0 0 1 0 15  19.2%
12-Oct 13 3 0 0 0 0 0 0 0 0 0 0 3 23.1%
15-Oct 21 2 0 0 0 0 0 0 0 0 0 0 2 9.5%
19-Oct 41 7 0 0 0 0 0 0 0 0 0 0 7 17.1%
24-Oct 27 3 0 0 0 0 0 0 0 0 0 0 3 11.1%
25-Oct 38 3 0 0 1 2 0 0 0 0 0 0 6 15.8%
29-Oct 10 0 0 0 0 0 1 0 0 0 0 0 1 10.0%
30-Oct 3 1 0 0 0 0 0 0 0 0 0 0 1 33.3%
31-Oct 8 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
05-Nov 20 0 0 0 1 1 1 0 0 0 0 0 3  15.0%
06-Nov 17 0 0 1 0 0 0 0 0 0 2 0 3 17.6%
07-Nov 17 2 0 0 0 0 0 0 0 0 2 0 4  23.5%
UNKNOWN® 26 1 1 2 0 2 0 0 0 0 0 32
TOTALS 670 107 16 3 6 4 4 0 0 1 12 1 154
9% Recovered 16.0% 2.4% 0.4% 0.9% 0.6% 0.6% 0.0% 0.0% 01% 1.8% 0.1% 23.0%

Locations are: MMH - Marblemount Hatchery; BAK - Baker River trap; MSK - Middle Skagit sub-basin; USK - Upper Skagit
sub-basin; LSA - Lower Sauk sub-basin; MSA - MiddleSauk sub-basin; USA - Upper Sauk sub-basin; SUI - Suiattle sub-tsn;
OTH - Cascade, Nookachamps, and Carpenter sub-basinCFS - Commercial fishery; and TFS - Test fishery

b
Fish recovered with no tag but having the secondgmark (an operculum punch) or an illegible tag.
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Tag Recoveries

Samples to estimate were collected at 13 areas in the Skagit River drainaydotal of
15,478 coho salmon were examined of which 15,303 fish wergderad in-sample and 175
were not considered part of the population subject to tggddample surveys were conducted
at: Marblemount Hatchery; Baker River trap; spawning gisun the Middle Skagit, Upper
Skagit, Lower Sauk, Middle Sauk, Upper Sauk, Suiattle, Cascadekaghamps, and
Carpenter sub-basins; and in commercial and test iesheOf the 154 in-sample recoveries,
32 fish (21%) had a tag with an illegible number or had ssing tag and were identified as
tagged by the opercula punches. Most of the in-samplerases were at Marblemount
Hatchery (107 recoveries or 69% of all in-sample recesgri The areas with the next largest
number of tag recoveries were Baker River (16 or 10%) ladipstream commercial fishery
(10 or 6%). Combined, these three areas accounted fooB&len-sample recoveries.

The percentage of tagged fish in the escapement sarpplkesri the three upstream recovery
areas having seven or more tag recoveries ranged fizf¥n fbr the samples collected at the
Baker River trap to 1.5% for Marblemount Hatchery and cbmmercial fishery samples
(Table 3). There was not a significant difference {#°, P = 0.68) among these three areas.

The average number of days between release and redovenysample tag recoveries was
about 50 days. Tagged coho salmon recovered in the comhfesteery had the shortest
average time between release and recovery, 10 daysa@mnelcoveries from the Middle Sauk
sub-basin had the longest average time between reladsecovery, 85 days (Table 4). For
the upstream recovery areas, tag recoveries at Baker tRap had the earliest average day of
release (27 September) and recoveries from the Middle Sduihasin had the latest average
day of release (1 November).

Marblemount Hatchery:

Escapement samples were collected at Marblemount Hatithen 22 September through 30
January. A total of 7,329 coho salmon were examined antefygéd fish (1.5%) were found
(Appendix Table A-1). The Marblemount Hatchery samplepissidered a census because all
returning fish are sampled so the data were not exarfunéemporal differences ip.

Baker River Trap:

Escapement samples were collected at Baker River tram ff September through
21 December. A total of 1,382 coho salmon were examorethfils. Based upon a four-day
minimum travel time from the tagging area to Baker Rdem determined from all five years
of tagging data (Conrad et al. 1997), samples collected midrlt September were not
considered in-sample since tagging did not begin until 7 SéetemNo fish were counted
during the sampling on 7 and 10 September. A total of 1,382 saimmn were examined for
tags from 14 September through 21 December and 16 tagged fish) (v@re found
(Appendix Table A-2). The Baker River trap sample is oemed a census because all
returning fish are sampled so the data were not exarfunéemporal differences ip.
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Table 3. Summary of the percentage of tagged or marked salhmn found in each
recovery area during in-sample surveys of the Skagit Ri&90.

Fish Tags % Tagged
Recovery Area Time Period Examined Found )

Marblemount Hatchery 1. 22-Sep - 30-Jan 7,329 107 1.5%
Baker River Trap X, 07-Sep - 10-Sep 0 0 0.0%
1. 14-Sep - 21-Dec 1,382 16 1.2%)

Commercial Fishery 1. 17-Sep - 18-Dec 687 10 1.5%
Upper Skagit Sub-basin 1. 01-Oct - 07-Mar 230 6 2.6%
Middle Sauk Sub-basin 1. 25-Oct - 05-Feb 283 4 1.4%
Lower Sauk Sub-basin 1. 31-Oct - 08-Feb 154 4 2.6%
Middle Skagit Sub-basin 1. 12-Oct - 15-Feb 349 3 0.9%
Cascade Sub-basin 1. 25-Sep - 14-Feb 117 1 0.9%
Suiattle Sub-basin 1. 19-Nov - 07-Feb 30 0 0.0%
Upper Sauk Sub-basin 1. 20-Nov - 22-Jan 9 0 0.0%
IN-SAMPLE TOTAL FOR UPSTREAM AREAS 10,570 151 1.4%)
Nookachamps Sub-basin 1. 23-Oct - 28-Jan 73 0 0.0%
Carpenter Sub-basin 1. 28-Oct - 29-Jan 33 0 0.0%
Commercial Fishery 1. 13-Sep - 17-Dec 3,181 2 0.1%
Test Fishery X. 22-Aug - 06-Sep 175 0 0.0%
1. 10-Sep - 09-Nov 1,446 1 0.1%

IN-SAMPLE TOTAL FOR DOWNSTREAM AREAS 4,733 3 0.1%
TOTAL CONSIDERED IN POPULATION BEFORE TAGGING 175 0 0.0%
IN-SAMPLE TOTAL FOR ALL AREAS 15,303 154 1.0%)
GRAND TOTAL FOR ALL SAMPLES 15,478 154 1.0%)

Includes fish recovered with no tag but having the s#smgnmark (an operculum punch) or
having an illegible tag.

X indicates that these fish were considered to lidenpopulation before tagging began and not
subject to tagging (i.e., they were not considered inptafish for the abundance estimates).
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Commercial and Test Fishery Samples:

A commercial fishery was conducted in the river andSkagit Bay on 39 days between
13 September and 18 December. Catches from areas almbbelaw the tagging site were
sampled. A total of 687 coho salmon were examined & &ad 10 tagged fish (1.5%) were
found in catches from areas above the tagging site (App@&iadlle A-3). The hypothesis of

constantp for temporal strata in the fishery samples from upstream areas could not be
rejected. Two tagged coho salmon were found in 3,181 fismiegd from catches in

downstream areas (including Skagit Bay). Recovery ddiectal from the downstream areas
were considered out-of-population and not used for the abcadstmates.

Test fisheries were conducted on 20 days between 22 Augu8tNovember. Recovery data
collected prior to 7 September were excluded from anaysi® tagging did not commence
until that date. A total of 1,621 coho salmon were emachifor tags. Of this total, 1,446
fish were examined after 6 September and one tagged0i$Po) was found (Appendix

Table A-4).

Middle Skagit Sub-basin:

Tag recovery samples were collected during surveys of Mi8REgit sub-basin spawning
grounds conducted from 18 October through 15 February and ap aotr Etach Slough
operated from 12 October through 26 January. Surveys waduced by SSC crews. A
total of 349 coho salmon were examined for tags and tiagged fish (0.9%) were found
(Appendix Table A-5).

Upper Skagit Sub-basin:

Tag recovery samples were collected during surveys of UBgagit sub-basin spawning
grounds conducted from 1 October through 7 March. Surveyseeeducted by SSC crews.
A total of 230 coho salmon were examined for tags andagiged fish (2.6%) were found
(Appendix Table A-6).

Lower Sauk Sub-basin:

Tag recovery samples were collected during surveys of Ldaeik sub-basin spawning
grounds conducted from 31 October through 8 February. Suneygs eenducted by SSC
crews. A total of 154 coho salmon were examined fgs tnd four tagged fish (2.6%) were
found (Appendix Table A-7).

Middle Sauk Sub-basin:
Tag recovery samples were collected during surveys of MiBdlek sub-basin spawning
grounds conducted from 25 October through 5 February. Suneys eenducted by SSC

crews. A total of 283 coho salmon were examined fgs t&nd four tagged fish (1.4%) were
found (Appendix Table A-8).
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Upper Sauk Sub-basin:

Tag recovery samples were collected during surveys of UBpek sub-basin spawning
grounds conducted from 20 November through 22 January. Sureegscenducted by SSC
crews. Access to the spawning areas was limiteddbyflaws. Only nine coho salmon were
examined for tags and no tagged fish (0.0%) were found (App&abie A-9).

Suiattle Sub-basin:

Tag recovery samples were collected during surveys oftleusatb-basin spawning grounds
conducted from 19 November through 7 February. Surveys eogrducted by SSC crews.
Access to the spawning areas was limited by high flo@sly 30 coho salmon were examined
for tags and no tagged fish (0.0%) were found (Appendix Taldle)A

Other Spawning Ground Surveys:

Spawning ground surveys were conducted in three other dxeadkachamps sub-basin,
Carpenter sub-basin, and Cascade sub-basin. Tag recamapjes were collected during
surveys of Nookachamps sub-basin spawning grounds by S8G. crA total of 73 coho
salmon were examined for tags but no tagged fish (0.0%¢ fwend (Appendix Table A-11).
Spawning ground surveys of the Carpenter sub-basin wedeictea by SSC crews and a trap
was operated by SSC on Carpenter Creek Slough. A 88l coho salmon were examined
for tags but no tagged fish (0.0%) were found in these sar(ffgendix Table A-12). SSC
crews surveyed Cascade sub-basin spawning grounds. Aofoidl7 coho salmon were
examined for tags and one tagged fish (0.9%) was found (App€abig A-13).

Out-of-System Recoveries:
There was one recovery of a jaw tag outside of the SRagr system from the tagging in the

Skagit River during 1990. The tag was recovered during sampl@gpaer’'s Creek Hatchery
on the northeast side of the Kitsap Peninsula.

Abundance Estimates

Estimates of coho salmon abundance from the tag recdeg¢a for each major recovery area
having seven or more tag recoveries are summarizeddle 5. The details of the abundance
estimate for each location are in Appendix B.

The samples from Marblemount Hatchery and Baker Riagy were both censuses so they
were compared to determine if it was appropriate to gwwht The percentages of tags in the

two samples were not significantly differeit,(P = 0.38) so an estimate was generated with
the pooled data.
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The commercial fishery occurred during two discrete tpeeiods with a 46-day interval
between them. There was not a significant differancéhe percentage of tags in the two
samples (Fisher’'s exact teft,= 0.46) so the data from the two periods were pooled. An
estimate was generated using the pooled data.

The pooled commercial fishery data were then comparedh& sample data from
Marblemount Hatchery and the Baker River trap. Theas mot a significant difference in the

percentage of tags among the three sami§fe® (= 0.68) so the data from all three recovery
areas were pooled to produce an estimate.

Estimates of the number of coho salmon migrating throinghtagging area in the lower
Skagit River ranged from 41,967 coho salmon using the conahdstiery recovery data

to 54,587 coho salmon using Baker River trap recovery datalgb). Pooled Marblemount-
Baker-commercial fishery data provided the most prectmate (CV = 7.6%). The estimate
with the largest CV was from the commercial fishexgovery data (CV = 28.4%). The 95%
confidence intervals for the abundance estimatesapet for each recovery area.

Additional Analyses

The release data were divided into ten, 10-day time pefiwdfie migratory timing analysis
and to describe temporal patterns in the length and apasition of tagged coho salmon.
Coho salmon were tagged and released during seven optrasds.

Timing of Migrations to Major Recovery Areas:

The CPUE of coho salmon by the beach seine inaerl river tagging area is shown by day
and for each 10-day period in Figure 6. CPUE peaked during thetdbé through
10 October time period. Two areas had ten or more egesvof legible tags which could be
used for the migratory timing calculations (Appendix Tablé4). The trends in CPUE of
Marblemount Hatchery fish and fish bound for Baker Rivere very similar to the trend for
total CPUE by 10-day period (Figure 7). CPUE of both groupkemeduring the 1 October
to 10 October period. Coho salmon from every period vathreleases were recovered at
Marblemount Hatchery: this was the only area in Whigs occurred.

Length and Sex Composition Analyses:

The sex and length data for the 670 coho salmon taggedleasec in the lower Skagit River
and the 122 in-sample recoveries with legible tags weayzed. The K-S and M-W tests
which compared the lengths of coho salmon tagged butecovered to the lengths of those
tagged and recovered were both significdht<(0.05) indicating that the recovery samples
were not random with respect to length of fish. Thewes also a significant difference
between male and female length distributions (K-S fst,0.01), therefore, all subsequent
analyses of length were conducted for each sex separdtes evident from Figure 8 that
male coho salmon had a higher proportion of smalle@sdjfish less than 50 cm) than female
coho salmon. Coho salmon less than 50 cm in lengtipased about 35% of the males that
were tagged but only 5% of the female coho salmon tee¢ vagged.
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Figure 7. Beach seine catch-per-unit effort (CPUE) ¢iocsalmon bound for major Skagit
River tag recovery areas in 1990. CPUE is for ten-dapgei(starting date of
period shown) and is expressed as a percentage of th€ Ri#& for tagged fish
recovered from the area.
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Males Tagged male coho salmon averaged 53.3 cm in fork length=(@EB2). The mean
length of male coho salmon that were tagged but notveeed was 53.5 cm (SE = 0.48)
compared to a mean length of 52.5 cm (SE = 0.80) for male saimon that were tagged and
recovered. The length distribution of male coho saltiah were tagged but not recovered
was not significantly different (K-S tes®, = 0.36) from the distribution of those that were
tagged and recovered (Figure 9). Therefore, sequential &S tvere not conducted
(Appendix Table A-15).

Females Tagged female coho salmon averaged 58.1 cm in fork leS8&th+(0.32). The mean
length of female coho salmon that were tagged but remvesed was 58.3 cm (SE = 0.34)
compared to a mean length of 56.9 cm (SE = 0.79) for fecndle salmon that were tagged
and recovered. The length distribution of female collm@n that were tagged but not
recovered was not significantly different (K-S td3t: 0.28) from the distribution of those that
were tagged and recovered (Figure 9). Therefore, sequiérialests were not conducted
(Appendix Table A-15).

Tag Recovery RatesThere was not a significant differen#é @ = 0.16) in tag recovery rates
between male and female coho salmon. Tag recovery weere 20.1% and 15.8% for male
and female coho salmon, respectively (Appendix Table A-IBere was not a significant
difference in tag recovery rates among the releasditemm categories (only one fish was
released with a condition of x-) or the maturity catégo °, P = 0.22) either (Appendix
Table A-16).

Sex-Length CompositioThere were temporal changes in both the sex congroand length
composition for each sex during the tagging period (Figure I®)e majority of the coho
salmon tagged were males during the first five time peri@ddSeptember to 20 October) and
females during the last two time periods (21 October tm®ehhber). Both male and female
coho salmon were classified into two length groups, &9 cm) and largex(50 cm). The
percentage of small males decreased throughout the rpleasd as the percentage of large
males increased. The large length group composed 89% oraitire female coho salmon
tagged throughout the period of tagging.

Conclusions

In 1990, there were only three recovery areas withrs@remore tag recoveries. The
percentage of tagged or marked coho salnpdnn(these samples was very consistent: 1.5%
for the samples collected at Marblemount Hatchery atikde commercial fishery and 1.2% for
the samples collected at Baker River trap. There nerags recovered from spawning areas
below the tagging site. There were, however, thrgs tacovered in 4,627 coho salmon
examined (0.1%) from in-population test fishery and comimecatch samples from areas
downstream of the tagging site.
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We recommend that the estimate using the pooled Marblerigaker-commercial fishery
data be considered the “best” estimate of coho sakbandance for 1990. There was not a
significant difference inp between these areas, fish from these areas wdlaistebuted
throughout the release period, and two of the sampleseeaseises. This estimate uses the
largest number of tag recoveries (133) and thereforenbasnallest CV.

The estimate, 47,064 coho salmon (95% confidence intet0a507 to 56,955), is for the
number of fish present in the lower Skagit River taggmeg @uring the period 7 September to
7 November. Similarly to 1989, there is no evidence tldio salmon from spawning areas
downstream of the tagging site were present in the taggea No tags (0) were recovered
from 106 coho salmon examined in the escapement to db&addhamps and Carpenter sub-
basins. However, we feel that some coho salman fleese areas were present as in previous
years but the level of sampling in 1990 was not suffidierttetect them. Also, the tagged fish
recovered from the commercial and test fisheriesréasa downstream of the tagging site
provide additional evidence that coho salmon from dowastr spawning areas might have
been present at the tagging site. Therefore, the astimcludes coho salmon bound for all
spawning grounds above the tagging area and some portiome aéscapement to areas
downstream of the tagging site.

33



DISCUSSION

The number of coho salmon in the escapement to thgitkigser was estimated using the tag
release-and-recovery data and the Petersen model.cussisn of how well the data meet the
major assumptions of the Petersen model and a defifitine “population” which is being
estimated follows.

Population was Closed

We assume that some coho salmon migrated through thexdagygia before and after the
period of tagging (7 September through 7 November). AltholugliPetersen model generally
assumes a closed population, the population can be opemebexdct point in time to which
the estimate applies must be specified (Seber 1982). \Mindewend in CPUE for the beach
seine used to capture coho salmon for tagging providegystnachence that the tagging period
encompassed the major portion of the coho salmon maigratThe CPUE was low when
tagging began and was followed by an increase in CPW@Eptak during the period 1 October
through 10 October. This was followed by a decline iWERIuring mid and late October and
early November (Figure 6).

Unlike in 1986, 1987, 1988, and 1989, no adjustments to the total nomisr examined at
either Baker River trap or Marblemount Hatchery weguired to account for early-arriving
fish that were not subject to tagging. Only 12 coho salarrived at the Baker River trap
prior to the onset of tagging. These fish were notpgsan Therefore, there is no evidence
that there were large numbers of fish in the populgir@r to the start of tagging.

If we assume there is recruitment to the population dcsedmon migrating through the
tagging area after tagging ends) but no mortality befogefith reach their spawning areas,
and there is complete mixing of the fish on the spagvgitounds, then the abundance estimate
includes coho salmon migrating through the tagging area #ite last day of tagging
Sampling at Marblemount Hatchery and at Baker River tnggs conducted through
30 January and 21 December, respectively. Tag recovemysumere conducted in most sub-
basin spawning grounds until late January or early Februafg feel there was sufficient time
for coho salmon migrating through the tagging area irlaver river after tagging had ended
to mix with the fish already present on the spawningigads and at Marblemount Hatchery.

Area Encompassed by the Estimates:

The Petersen model estimates the number of coho samgoating though the tagging area in
the lower river during the time period defined above. @&smate includes all coho salmon
bound for spawning areas above the tagging area (includingievtfeount Hatchery and Baker
River) and all spawning areas in the Middle Skagit submbalsove and including Hansen
Creek (Figure 1). However, the percentage of tags inctimbined samples from areas
downstream of the tagging site, 0.10% (including downstreammescial and test fishery
samples), was much smaller than in the upstream rgcaveas (1.4%). Although no tags
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were recovered from 106 coho salmon examined in the spgareas of the Nookachamps
and Carpenter sub-basins, we feel that some coho rsdélom these areas were present in the
tagging area, as in previous years, but the levels ofrigggid spawning ground sampling in
1990 were not sufficient to detect them. Therefore, ovelode that the abundance estimate
includes a portion of the coho salmon which spawnedénQarpenter and Nookachamps
sub-basins. If the total number of tagged fish that ategt to these downstream areas could
be estimated, this number could be removed from thé nataber of tags released and the
abundance estimate would include only coho salmon bouratdasupstream of the tagging
site and the Middle Skagit sub-basin. We estimated thebewmf tags “lost” to the
downstream areas so that we could examine the effélcese tags on the abundance estimate
for the upstream areas.

Estimate of the Number of Tagged Fish “Lost” to Areasvidstream of the Tagging Area:

Three groups of fish from areas downstream of the taggieg were examined for tags:
(1) commercial fishery catches; (2) test fishery loasc and (3) fish spawning in the Carpenter
and Nookachamps sub-basins. The commercial catclean 78D was sampled by subareas
(78D-2, 78D-3, and 78D-4; see Figure 4) in 1990 so we could estineapeetcentage of tags
in samples above and below the tagging area. Thectwtahercial catch from area 78D is not
recorded by these sub-areas, however. Thereforessuenad that the proportional catch by
sub-area for the commercial catch samples was the aanthe entire commercial catch for
area 78D. We pooled all downstream catches and appliegethentage of tags found in
downstream commercial and test fishery samples (Aré&p@dhouse, Blakes, and Jetty; see
Figure 4) to the pooled total. The number of tagged fiskepteon spawning grounds in the
Carpenter and Nookachamps sub-basins was estimated byh@pply percentage of tags
found during in-sample surveys of these sub-basins compirethgged fish found in 311 fish
examined fop = 0.0%) to an independent estimate of the number of saln@on spawning in
these sub-basins. The spawning ground escapement tcstitebasins was estimated using a
redd-count method (Conrad et al. 1993). Plus there wastile sut-of-system tag recovery
at Grover's Creek Hatchery. The numbers used for thaekmilations are summarized in
Appendix Table A-17. We estimated that a total of nagstcould have been “lost” to these
downstream areas. If the number of tags releasedustedjto 661 (670 - 9), then (using the
pooled Marblemount-Baker River-commercial fishery resg\wdata) the estimated abundance
for areas upstream of the tagging area becomes 46p488salmon. This is only 631 fish less
than the “unadjusted” estimate and is about a one patiffenence from that estimate.

The presence in the tagging area of coho salmon bourgygtems outside the Skagit River
would also affect the abundance estimate. In 1990, thesenly one out-of-system recovery
from 670 coho salmon tagged (0.15%) in the lower Skagit RiVdrerefore, we do not feel
that the loss of tagged coho salmon to systems outsd8Kagit River was a major source of
error.
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All Coho Salmon Have an Equal Probability of Capture idufTagging or the Recovery
Sample is a Simple Random Sample of the Population

These assumptions are often hard to satisfy as ifffisullior impossible to obtain simple
random samples from highly dispersed and mobile populatiBostunately, the estimates are
still valid under certain alternative assumptions. Juid@®3) demonstrated that selectivity
(non-randomness) may exist in both the tagging and eeg@amples without introducing bias
in the estimate if the sources of selectivity intve samples are independent.

There was evidence that the recovery samples onpthensng grounds were selective with
respect to the length of the fish, but when the sewese analyzed separately there was no
evidence of selection for length. There was evidahag length selectivity occurred in
previous years (Conrad et al. 1997, 1998a, 1998b). Eames(£9&il, 1983) found that
there was a correlation between time of entry ané af coho salmon for the returns to the
Skagit River in 1976 and 1977. Smaller fish generally arrieglieein the run than larger fish.
This presents a problem if timing of passage throughabging area is correlated with the
size of fish_andarea of spawning (Junge 1963). If such selectivity exigtedpopulation
estimates would contain a negative bias. Howeverbealieve if such a bias exists it is small
because the majority of the tag recovery data usechéoralbundance estimate was collected
from areas where there was no size selectivity bMarount Hatchery and Baker River trap).

The use of different gears for the tagging and recovanplea is a common technique for
minimizing the bias due to selectivity (Ricker 1975; Sel#82). In this study, coho salmon
were captured for tagging using a beach seine. Recovaplesawere either a census of all
adults returning to an area (Marblemount Hatchery and rBRkesr trap) and thus non-
selective, or were samples collected on the spawningngsoduring foot surveys (and to a
lesser extent by traps in some areas). We do nbthigeselectivity (non-random sampling)
was a significant source of bias for the estimatesumee: (1) the methods used to capture
coho salmon for tagging were different from those use@d¢over them; and (2) the majority
of the tag recoveries used to estimate abundance wieted by a census.

Tagqging Does Not Affect the Catchability of an Animal

This assumption is necessary because some of thesatrhon passing through the tagging
area were subject to an in-river commercial fisladygve the tagging area. If jaw-tagged coho
salmon were removed at a different rate than untaggedthe percentage of tags in any
recovery samples collected after this removal woulditberent from the percentage of tags in

the population immediately after tagging. There is ndexnge of selective removal of tagged
fish in the data. In 1990, the percentage of tagged figteicommercial fishery samples from

the sub-areas of 78D upstream of the tagging area wasathe as that observed at

Marblemount Hatchery.
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Animals Do Not Lose Their Tags Between the First @adond Samples

In 1990, 21% of the tagged coho salmon recovered had missiliggdile tags. However,
the use of opercula punches on all tagged fish allowed salh@mn with missing tags to be
identified as previously tagged. Identified tag loss mustidoeunted for only in the Darroch
estimate of abundance which requires that the releasedpef recovered individuals be
known. When there was no tag but an operculum punch wssnpr@r the tag was illegible),
the release period was estimated as described in thedesection. This was required only
when the Darroch estimate was selected as the appgeopmadel. The Darroch estimate was
not used for any of the abundance estimates produced in I8 Petersen estimate was
selected as the appropriate model for all estimatedorysas all coho salmon with a missing
tag are identified by an operculum punch, the Petersenatstis not affected by the missing
tags.

All Tagged Animals are Reported in the Second Sample

Because the majority of the tag recoveries used forathendance estimates were from
Marblemount Hatchery, and all coho salmon at Marblamhddatchery were inspected twice
for tags, we expect very few jaw-tagged (or marked) figrewmissed. Live fish were
individually inspected for tags and marks at Baker River d&uring surveys of spawning
grounds, surveyors carefully inspected each carcass foparculum punch if no tag was
visible. Considering that some carcasses were adaanced state of decay it is possible that
some fish with a missing tag were not identified. Hesve no spawning ground data were
used in the abundance estimate for 1990.

There are No Mortalities Due to Tagging

Tests to determine the extent of tagging mortality veereducted during four of the five study
years. These tests and their results are documenteohirad et al. (1997). Based on these
tests we concluded that there was no evidence of taggiriglity. The tests provided strong
evidence that there was no short-term (within 48 howagying mortality. The tag recovery
data from the commercial fishery samples provide additi@vidence that there was no
delayed tagging-induced mortality occurring from two weeks upre months after tagging.
The average time between tag release and recovemphdocommercial fishery recoveries,
about 10 days (Table 4), was the shortest of any ofips&ream recovery areas. Since the
coho salmon caught in the commercial fishery are catglatively soon after tagging, we
would expect that if there is any delayed mortality cdusg tagging it would cause the
commercial fishery samples to have a higher percemtbig®s than the samples that are taken
much later, further upstream. In 19%0for the commercial fishery samples from upstream
areas (1.5%) was identical to that for Marblemount ke Unfortunately, there were
insufficient recoveries from the spawning grounds abdwe tagging site for a valid
comparison of recovery percentages.
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CONCLUSIONS

The estimated abundance of coho salmon in 1990 was 47,064itlisla 95% confidence

interval of 40,507 to 56,955 fish. The mark-recapture estiisater the number of coho

salmon migrating through the tagging area after tagging beganSeptember. It includes all
coho salmon bound for spawning areas above the taggia@agean unknown fraction of the
salmon from spawning areas in the Nookachamps and Carprii-basins. This abundance
estimate was relatively precise (CV = 7.6%) becausheofarge number of fish examined for
tags during the in-sample surveys used for the estimatthanélatively high percentage (for
mark-recapture estimates) of the total number of giyed that were eventually recovered
and used for the estimate (20%). To restrict the esinwa spawning areas in the Middle
Skagit sub-basin and spawning areas above it, adjustmenésmade to the number of tags
released. Using the adjusted number of tags releasedstiated abundance for this more
restricted area was 46,433 coho salmon. The variantieisoéstimate was not calculated
because of the unknown precision for the estimated nuoibtags “lost” to downstream

areas. The adjusted estimate falls within the 95% demde interval of the original estimate.

To estimate the number of “wild” coho salmon whichateed upstream spawning areas in the
Skagit River in 1990, the number of hatchery fish plus atghes by the commercial and test
fisheries above the tagging area need to be removedHadjusted estimate and the number
of fish which migrated through the tagging area prior ggitag needs to be added. Since fish
which migrated through the tagging area before tagging begamauded in the spawning
ground samples, only prior-migrating fish returning to BdReer and Marblemount Hatchery
need to be included. Since both these returns wereisgghsve have a total count of the
prior-migrating fish to these areas. In 1990, there waig the 12 fish counted at the Baker
River trap. Although all in-river catches were recarda fish tickets, the sub-area of harvest
within area 78D was not indicated on the ticket. Tleeefit was necessary to estimate the
distribution of the commercial catch in area 78D toaarabove and below the tagging site
using the distribution of the commercial catch sampiesrg areas 78D-1, 78D-2, 78D-3, and
78D-4. While there was uncertainty about this distrimyttbe total Area 78D catch was only
3,560 coho salmon of which 207 were known to have been caughstream areas and 326
were known to have been caught in downstream areasefbhe, the maximum error possible
from this allocation of catch to the sub-areas wa23fish.

In-population sport catches should also be subtracted tihenadjusted estimate. In-river
catches of coho salmon by the sport fishery in tkeg® River were estimated to be only 497
fish in 1990 (WDF 1993) and were not included in the summaay astthe specific dates and
areas of harvest of these fish are unknown. A sumpfattye total terminal area run of coho
salmon to the Skagit River in 1990 is presented in Tabl&lte total terminal area run of
coho salmon to the Skagit River in 1990 is estimated to be 60,444 fisAn estimated
38,914 coho salmon were in the “wild” escapement to Skagit River &pning grounds
37,574 fish were estimated to have reached upstream spawwoingdgrand 1,340 coho
salmon were estimated for lower river (Nookachamps @atpenter sub-basin) spawning
grounds. For comparison, the escapement of “wild” ca@tman to Skagit River spawning
grounds estimated using index area surveys was 15,000 fishHihien WDFW, personal
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communication). This estimate is only 39% of the taggestimate of the spawning
escapement. An alternative estimate, derived from G&¢bveries in the test fisheries and
trap recoveries (Hayman 1996), was for a wild escapemer85®00 to 40,000 fish
(depending upon the hatchery stray rate assumed). Usedgaount method, Conrad et al.
(1993) estimated the wild escapement to be 27,300 to 40,900 &simfag two or three coho
salmon per redd, respectively).
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Table 6. Summary of the number of coho salmon retutoirgkagit Bay in 1990.

Out of

Component In-Population Population Total
Upstream Estimated Total 46,433 0 46,433
Marblemount Hatchery 7,329 0 7,329
Baker River Trap (Hatchery Fi§h 629 0 629
Area 78D-3, 78D-4 Commercial Catch 901 0 901
Upstream Test Fishery Catch 0 0 0
Upstream Removals and Hatchery Fish 8,859 0 8,859
Estimated “Wild” Esc_:apement 37,574 37,574
to Upstream Spawning Areas
Nookachamps Sub-basin Estimated Escapement 1,139 1,139
Carpenter Sub-basin Estimated Escapement 201 201
Areas 78D-1, 78D-2, 78C, 8E, 8 Commercial Catches 11,043 11,043
Downstream Test Fishery Catch 1,628 1,628
Downstream Total 14,011 14,011
“Wild” Escapemeritto Spawning 37.574 1,340 38.914
Grounds
Total Terminal Run to Skagit Bay 46,433 14,011 60,444

& A total of 1,394 coho salmon returned to the Baker Riag (including 12 fish that returned prior
to sampling). Of these, 1,369 coho were sampled and 618@e found to have an adipose fin
clip which indicated they were of hatchery origiiThe 25 unsampled fish were allocated as
hatchery-origin or wild based on the proportion of hegroup observed in the sampled fish.
Therefore, 11 of the 25 unsampled fish (25 x 618/1,369) were taiibta the hatchery-origin
group and the remaining 14 fish to the wild group.

Includes estimated “wild” escapement to upstream spavari@as and estimated escapement to the
Nookachamps and Carpenter sub-basins (from Conrad1&a8).

The estimated catch by the in-river sport fishery W@ coho salmon, but the specific dates and
areas of harvest of these fish are unknown. Tl tatd escapement should be reduced by the
number of coho salmon caught in the sport fishery inre@st areas after tagging began. The total
terminal run should be increased by the number caughvvimsiream areas or before tagging

started.
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APPENDIX A

Summary tables of sample data for 1990.
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Appendix Table A-1. Summary of coho salmon escapementpleantollected at
Marblemount Hatchery in 1990.

Sample Number of  Number of % with Tags
Date Sample Method  Fish Examined Tags Fountl (p)
22-Sep Spawned 440 0 0.0%
9-Oct Surplused 947 4 0.4%
30-Oct Pond Mortality 8 1 12.5%
6-Nov Pond Mortality 7 1 14.3%
13-Nov Pond Mortality 8 1 12.5%
14-Nov Pond Mortality 7 1 14.3%
19-Nov Pond Mortality 24 0 0.0%
20-Nov Pond Mortality 2 1 50.0%
21-Nov Pond Mortality 7 1 14.3%
26-Nov Pond Mortality 104 3 2.9%
27-Nov Pond Mortality 26 0 0.0%

Spawned 1,104 20 1.8%
Total 1,130 20 1.8%
28-Nov Pond Mortality 25 1 4.0%
Spawned 508 5 1.0%
Total 533 6 1.1%
29-Nov Pond Mortality 29 0 0.0%
Spawned 392 8 2.0%
Total 421 8 1.9%
30-Nov Above Rack 26 1 3.8%
Pond Mortality 2 0 0.0%
Total 28 1 3.6%
3-Dec Above Rack 42 1 2.4%
Pond Mortality 29 1 3.4%
Total 71 2 2.8%
4-Dec Pond Mortality 20 1 5.0%
Spawned 673 16 2.4%
Total 693 17 2.5%
5-Dec Above Rack 44 1 2.3%
Pond Mortality 52 0 0.0%
Total 96 1 1.0%
6-Dec Above Rack 123 2 1.6%
7-Dec Above Rack 67 1 1.5%
Pond Mortality 10 0 0.0%
Total 77 1 1.3%

- continued -
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Appendix Table A-1. Summary of coho salmon escapementpleantollected at
Marblemount Hatchery in 1990 (continued).

Sample Number of  Number of % with Tags
Date Sample Method  Fish Examined Tags Fountl (p)
10-Dec Above Rack 209 3 1.4%
11-Dec Above Rack 38 2 5.3%

Pond Mortality 36 0 0.0%

Spawned 650 8 1.2%

Total 724 10 1.4%

12-Dec Above Rack 75 4 5.3%

13-Dec Above Rack 111 5 4.5%

Pond Mortality 12 0 0.0%

Total 123 5 4.1%

14-Dec Above Rack 29 0 0.0%

17-Dec Above Rack 161 0 0.0%

18-Dec Above Rack 54 1 1.9%

Pond Mortality 26 0 0.0%

Total 80 1 1.3%

20-Dec Spawned 445 3 0.7%

21-Dec Above Rack 20 0 0.0%

Pond Mortality 9 0 0.0%

Total 29 0 0.0%

24-Dec Above Rack 43 0 0.0%

26-Dec Above Rack 30 1 3.3%

Pond Mortality 19 0 0.0%

Spawned 86 0 0.0%

Total 135 1 0.7%

27-Dec Above Rack 79 1 1.3%

28-Dec Above Rack 28 0 0.0%

2-Jan Above Rack 39 2 5.1%

Pond Mortality 32 0 0.0%

Spawned 68 2 2.9%

Total 139 4 2.9%

3-Jan Above Rack 38 0 0.0%

4-Jan Above Rack 47 0 0.0%

9-Jan Above Rack 13 0 0.0%

11-Jan Pond Mortality 28 1 3.6%
- continued -
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Appendix Table A-1. Summary of coho salmon escapementpleantollected at
Marblemount Hatchery in 1990 (continued).

Sample Number of  Number of % with Tags
Date Sample Method  Fish Examined Tags Fountl (p)
15-Jan Pond Mortality 23 0 0.0%

Surplused 69 1 1.4%

Total 92 1 1.1%

18-Jan Above Rack 29 2 6.9%
Pond Mortality 3 0 0.0%

Total 32 2 6.3%

24-Jan Above Rack 18 0 0.0%
25-Jan Above Rack 7 0 0.0%
28-Jan Above Rack 21 0 0.0%
29-Jan Above Rack 3 0 0.0%
Pond Mortality 2 0 0.0%

Total 5 0 0.0%

30-Jan Above Rack 3 0 0.0%
Pond Mortalit 55C < 2.4%

Surplused 1,016 5 0.5%

Spawned 4,366 62 1.4%

Above Rack 1,397 27 1.9%

IN-SAMPLE TOTAL 7,329 107 1.5%

% Includes fish recovered with no tag but having the s#mgnmark (an operculum
punch) or having an illegible tag.
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Appendix Table A-2. Summary of coho salmon escapemenpleantollected at
Baker River trap in 1990.

Sample Number of  Number of % with Tags
Date Fish Examined Tags Found )

7-Sef 0 C 0.0%
10-Sey 0 C 0.0%
Subtota 0 C 0.0%
14-Sey 13 C 0.0%
17-Sey 5 C 0.0%
19-Sey 14 C 0.0%
21-Sey 12 C 0.0%
24-Sey 23 C 0.0%
26-Sef 34 C 0.0%
28-Sey 32 1 3.1%
1-Oct 26 C 0.0%
2-Oct 12 C 0.0%
3-Oct 20 C 0.0%
5-Oct 46 C 0.0%
8-Oct 68 1 1.5%
1C-Oct 70 1 1.4%
12-Oct 13¢ 2 1.4%
15-Oct 59 2 3.4%
17-Oct 64 C 0.0%
19-Oct 75 C 0.0%
22-Oct 101 C 0.0%
24-Oct 86 2 2.3%
26-Oct 10z 3 2.9%
28-Oct 91 2 2.2%
31-Oct 11 1 9.1%
2-Nov 82 C 0.0%
5-Nov 40 1 2.5%
7-Nov 53 C 0.0%
9-Nov 41 C 0.0%
21-Nov 14 C 0.0%
5-Dec 49 C 0.0%
1C-Dec 0 C 0.0%
12-Dec 0 C 0.0%
17-Dec 0 C 0.0%
19-Dec 0 C 0.0%
21-Dec 0 C 0.0%
IN-SAMPLE TOTAL 1,382 16 1.2%

% Includes fish recovered with no tag but having the s#agnmark (an operculum punch) or having an
illegible tag.
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Appendix Table A-5.  Summary of coho salmon escapementlssifiom the Middle Skagit
sub-basin collected during spawning ground surveys by Skagersys
Cooperative crews and at a trap on Etach Slough, 1990.

SURVEYS ETACH SLOUGH TRAP SAMPLES COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found p Examined Found p Examined Found p
12-Oct 1 0 0.0% 1 0 0.0%
18-Oct 0 0 0.0% 0 0 0.0%
19-Oct 0 0 0.0% 0 0 0.0%
23-Oct 0 0 0.0% 0 0 0.0%
26-Oct 4 1 25.0% 4 1 25.0%
29-Oct 3 0 0.0% 3 0 0.0%
31-Oct 0 0 0.0% 1 0 0.0% 1 0 0.0%
2-Nov 2 0 0.0% 2 0 0.0% 4 0 0.0%
5-Nov 2 0 0.0% 2 0 0.0%
6-Nov 1 0 0.0% 1 0 0.0% 2 0 0.0%
7-Nov 0 0 0.0% 0 0 0.0%
8-Nov 0 0 0.0% 12 0 0.0% 12 0 0.0%
19-Nov 4 0 0.0% 4 0 0.0%
20-Nov 0 0 0.0% 0 0 0.0%
21-Nov 3 0 0.0% 3 0 0.0%
22-Nov 0 0 0.0% 0 0 0.0%
29-Nov 11 0 0.0% 11 0 0.0%
30-Nov 17 0 0.0% 17 0 0.0%
4-Dec 0 0 0.0% 0 0 0.0%
6-Dec 28 0 0.0% 28 0 0.0%
7-Dec 35 0 0.0% 35 0 0.0%
10-Dec 43 1 2.3% 43 1 2.3%
13-Dec 26 0 0.0% 26 0 0.0%
14-Dec 2 0 0.0% 2 0 0.0%
18-Dec 0 0 0.0% 0 0 0.0%
19-Dec 1 0 0.0% 1 0 0.0%
20-Dec 46 0 0.0% 46 0 0.0%
21-Dec 3 0 0.0% 3 0 0.0%
24-Dec 0 0 0.0% 0 0 0.0%
26-Dec 0 0 0.0% 0 0 0.0%
27-Dec 35 1 2.9% 35 1 2.9%
2-Jan 0 0 0.0% 0 0 0.0%
3-Jan 26 0 0.0% 26 0 0.0%
4-Jan 4 0 0.0% 4 0 0.0%
5-Jan 1 0 0.0% 1 0 0.0%
6-Jan 1 0 0.0% 1 0 0.0%
8-Jan 0 0 0.0% 1 0 0.0% 1 0 0.0%
9-Jan 3 0 0.0% 3 0 0.0%
11-Jan 2 0 0.0% 2 0 0.0%
14-Jan 1 0 0.0% 1 0 0.0%
16-Jan 2 0 0.0% 2 0 0.0%
17-Jan 0 0 0.0% 0 0 0.0%
18-Jan 8 0 0.0% 1 0 0.0% 9 0 0.0%
19-Jan 1 0 0.0% 1 0 0.0%
22-Jan 0 0 0.0% 0 0 0.0%
23-Jan 0 0 0.0% 1 0 0.0% 1 0 0.0%
24-Jan 0 0 0.0% 0 0 0.0%
25-Jan 3 0 0.0% 3 0 0.0%
26-Jan 0 0 0.0% 1 0 0.0% 1 0 0.0%
28-Jan 2 0 0.0% 2 0 0.0%
1-Feb 5 0 0.0% 5 0 0.0%
4-Feb 2 0 0.0% 2 0 0.0%
6-Feb 0 0 0.0% 0 0 0.0%
7-Feb 0 0 0.0% 0 0 0.0%
8-Feb 1 0 0.0% 1 0 0.0%
14-Feb 0 0 0.0% 0 0 0.0%
15-Feb 0 0 0.0% 0 0 0.0%
IN-SAMPLE
TOTAL 311 2 0.6% 38 1 2.6% 349 3 0.9%

2 Includes fish recovered with no tag but having the secondary (@arperculum punch) or having an illegible tag.
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Appendix Table A-6. Summary of coho salmon escapemerntlsarfiom the Upper
Skagit sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1990.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (p)

1-Oct 0 0 0.0%
31-Ocl 0 0 0.0%
6-Nov 0 0 0.0%
20-Nov 14 0 0.0%
21-Nov 2 0 0.0%
27-Nov 0 0 0.0%
28-Nov 0 0 0.0%
29-Nov 4 0 0.0%
30-Nov 7 0 0.0%
5-Dec 19 0 0.0%
6-Dec 1 0 0.0%
7-Dec 0 0 0.0%
10-Dec 3 1 33.3%
11-Dec 1 0 0.0%
12-Dec 15 0 0.0%
14-Dec 0 0 0.0%
20-Dec 6 1 16.7%
21-Dec 2 0 0.0%
26-Dec 0 0 0.0%
27-Dec 3 0 0.0%
28-Dec 3 0 0.0%
2-Jar 11 0 0.0%
4-Jar 0 0 0.0%
7-Jar 11 0 0.0%
11-Jar 12 1 8.3%
14-Jen 2 0 0.0%
16-Jar 12 0 0.0%
17-Jar 1 0 0.0%
18-Jar 7 1 14.3%
24-Jar 15 0 0.0%
25-Jar 15 0 0.0%
29-Jar 10 1 10.0%
3C-Jar 19 0 0.0%
31-Jar 6 0 0.0%
1-Fet 5 0 0.0%
7-Fek 9 0 0.0%
8-Fel 7 0 0.0%
13-Fek 2 0 0.0%
20-Fet 1 0 0.0%
7-Mar 5 1 20.0%
IN-SAMPLE TOTAL 230 6 2.6%

% Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-7. Summary of coho salmon escapemenglearfiom the Lower
Sauk sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1990.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (p)
31-Oct 0 0 0.0%

8-Nov 1 0 0.0%
20-Nov 2 0 0.0%
21-Nov 1 0 0.0%

3-Dec 4 0 0.0%

7-Dec 25 3 12.0%
11-Dec 6 0 0.0%
24-Dec 4 0 0.0%
26-Dec 54 1 1.9%
27-Dec 4 0 0.0%

11-Jan 9 0 0.0%

18-Jan 4 0 0.0%

22-Jan 40 0 0.0%

28-Jan 0 0 0.0%

8-Feb 0 0 0.0%

IN-SAMPLE
TOTAL 154 4 2.6%

% Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-8. Summary of coho salmon escapemergleaiinom the Middle
Sauk sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1990.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (p)
25-Oct 0 0 0.0%
30-Oct 0 0 0.0%
5-Nov 0 0 0.0%
15-Nov 0 0 0.0%
16-Nov 0 0 0.0%
20-Nov 0 0 0.0%
27-Nov 8 0 0.0%
3-Dec 8 0 0.0%
5-Dec 9 0 0.0%
11-Dec 9 0 0.0%
12-Dec 52 0 0.0%
14-Dec 16 1 6.3%
26-Dec 29 1 3.4%
27-Dec 27 0 0.0%
11-Jan 1 0 0.0%
15-Jan 43 1 2.3%
16-Jan 1 0 0.0%
18-Jan 4 0 0.0%
24-Jan 46 0 0.0%
26-Jan 17 0 0.0%
28-Jan 3 0 0.0%
4-Feb 5 0 0.0%
5-Feb 5 1 20.0%
IN-SAMPLE

TOTAL 283 4 1.4%

? Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-9. Summary of coho salmon escapemerntlsarfiom the Upper
Sauk sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1990.

Survey Number of Number of % with Tags

Date Fish Examined Tags Found (p)
20-Nov 0 0 0.0%
7-Dec 3 0 0.0%
17-Dec 0 0 0.0%
28-Dec 6 0 0.0%
21-Jan 0 0 0.0%
22-Jan 0 0 0.0%

IN-SAMPLE 0
TOTAL 9 0 0.0%

? Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-10. Summary of coho salmon escapementlesifiom the Suiattle sub-
basin collected during spawning ground surveys by Skagit System
Cooperative crews, 1990.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (p)
19-Nov 0 0 0.0%
21-Nov 1 0 0.0%
29-Nov 7 0 0.0%
13-Dec 5 0 0.0%
19-Dec 6 0 0.0%
7-Jan 0 0 0.0%
23-Jan 4 0 0.0%
24-Jan 7 0 0.0%
6-Feb 0 0 0.0%
7-Feb 0 0 0.0%
IN-SAMPLE

TOTAL 30 0 0.0%

? Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-11. Summary of coho salmon escapemenglasifmom the Nookachamps
sub-basin collected during spawning ground surveys by Skagersys
Cooperative crews, 1990.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (p)
23-Oct 0 0 0.0%
24-Oct 1 0 0.0%
5-Nov 0 0 0.0%
6-Nov 1 0 0.0%
19-Nov 4 0 0.0%
21-Nov 0 0 0.0%
28-Nov 1 0 0.0%
5-Dec 21 0 0.0%
6-Dec 10 0 0.0%
12-Dec 0 0 0.0%
13-Dec 4 0 0.0%
14-Dec 3 0 0.0%
17-Dec 0 0 0.0%
19-Dec 9 0 0.0%
20-Dec 0 0 0.0%
21-Dec 0 0 0.0%
26-Dec 4 0 0.0%
2-Jan 11 0 0.0%
3-Jan 0 0 0.0%
4-Jan 4 0 0.0%
8-Jan 0 0 0.0%
10-Jan 0 0 0.0%
28-Jan 0 0 0.0%
IN-SAMPLE

TOTAL 73 0 0.0%

? Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-12. Summary of coho salmon escapemerglesifmom the Carpenter sub-
basin collected during spawning ground surveys by Skagit System
Cooperative crews and at a trap on Carpenter Creek Slb9g0,

SURVEYS SLOUGH TRAP

Survey Number Tags Number Tags

Date Examined Found o Examined Found o
28-Oct 11 0 0.0%
29-Oct 3 0 0.0%
30-Oct 3 0 0.0%
2-Nov 1 0 0.0%
5-Nov 5 0 0.0%
6-Nov 2 0 0.0%
7-Nov 1 0 0.0%
8-Nov 3 0 0.0%
21-Nov 0 0 0.0%
28-Nov 1 0 0.0%

4-Dec 0 0 0.0%

7-Dec 2 0 0.0%

9-Dec 0 0 0.0%
11-Dec 0 0 0.0%
13-Dec 0 0 0.0%
18-Dec 0 0 0.0%
19-Dec 1 0 0.0%
20-Dec 0 0 0.0%
26-Dec 0 0 0.0%

2-Jan 0 0 0.0%

8-Jan 0 0 0.0%

9-Jan 0 0 0.0%

29-Jan 0 0 0.0%

'N'S%"?kf 4 0 0.0% 20 0  0.0%

% Includes fish recovered with no tag but having the sdémgynmark (an operculum punch)
or having an illegible tag.
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Appendix Table A-13. Summary of coho salmon escapemenplesnifrom the
Cascade sub-basin collected during spawning ground surveys
by Skagit System Cooperative crews, 1990.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found (p)
25-Sep 0 0 0.0%
10-Oct 2 0 0.0%
16-Oct 0 0 0.0%
25-Oct 0 0 0.0%
30-Oct 4 0 0.0%
7-Nov 0 0 0.0%
8-Nov 0 0 0.0%
16-Nov 3 0 0.0%
19-Nov 0 0 0.0%
20-Nov 3 1 33.3%
21-Nov 2 0 0.0%
27-Nov 0 0 0.0%
28-Nov 8 0 0.0%
29-Nov 3 0 0.0%
30-Nov 1 0 0.0%
3-Dec 0 0 0.0%
5-Dec 16 0 0.0%
12-Dec 24 0 0.0%
18-Dec 27 0 0.0%
26-Dec 6 0 0.0%
2-Jan 10 0 0.0%
14-Jan 2 0 0.0%
15-Jan 1 0 0.0%
23-Jan 0 0 0.0%
29-Jan 5 0 0.0%
6-Feb 0 0 0.0%
12-Feb 0 0 0.0%
13-Feb 0 0 0.0%
14-Feb 0 0 0.0%
IN-SAMPLE

TOTAL 117 1 0.9%

% Includes fish recovered with no tag but having the sgmgnmark (an
operculum punch) or having an illegible tag.
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Appendix Table A-14. CPUE (catch per beach seine setplod salmon bound for
major recovery areas in the Skagit River, 1990. CPUE for
recovery areas estimated using in-sample tag recoveries.

Recoveries by release strata.

Number Coho Catch/ MM Baker R

Tag Release Period of SetsCatch Set Hatchery Trap
1. 01-Sep to 10-Sep 19 29 15 5 0
2. 11-Sep to 20-Sep 37 110 3.0 11 6
3. 21-Sep to 30-Sep 33 116 3.5 19 2
4. 01-Oct to 10-Oct 27 209 7.7 25 7
5. 11-Oct to 20-Oct 20 76 3.8 12 0
6. 21-Oct to 30-Oct 34 83 24 7 0
7. 31-Oct to 09-Nov 39 63 1.6 2 0
8. 10-Nov to 19-Nov 0 0 0 0
9. 20-Nov to 29-Nov 0 0 0 0
10. 30-Nov to 09-Dec 0 0 0 0
Totals 209 686 3.3 81 15

CPUE of fish bound for indicated

recovery areas.
Release MM Baker R
Period Hatchery Trap
1 0.26 0.00

2 0.30 0.14

3 0.58 0.04

4 0.93 0.24

5 0.60 0.00

6 0.21 0.00

7 0.05 0.00

8 0.00 0.00

9 0.00 0.00

10 0.00 0.00
Totals 2.92 0.48

CPUE standardized as a percenthge
of total for area.

Release MM Baker R
Period Hatchery Trap
1 9.0% 0.09

2 10.2% 33.6%

3 19.7% 12.6%

4 31.7% 53.8%

5 20.6% 0.09

6 7.1% 0.0%

7 1.8% 0.0%

8 0.0% 0.09

9 0.0% 0.09

10 0.0% 0.09
Totals 100.0% 100.09
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Appendix Table A-15. Summary of the number of tag releama$ number of
in-sample tag recoveries by length for male and feroale
salmon tagged in the lower Skagit River, 1990.

MALES FEMALES

Length Number Number Percent Number Number Percent
in cm Released Recovered Recovered Released Recovered Recovered
35 2 0 0.0% 0 0 0.0%
36 2 0 0.0% 0 0 0.0%
37 0 0 0.0% 0 0 0.0%
38 1 0 0.0% 0 0 0.0%
39 2 0 0.0% 0 0 0.0%
40 10 2 20.0% 0 0 0.0%
41 4 0 0.0% 0 0 0.0%
42 10 1 10.0% 0 0 0.0%
43 9 4 44.4% 1 0 0.0%
44 12 2 16.7% 1 0 0.0%
45 13 2 15.4% 1 0 0.0%
46 20 8 40.0% 0 0 0.0%
47 12 1 8.3% 1 0 0.0%
48 15 5 33.3% 4 2 50.0%
49 21 3 14.3% 8 0 0.0%
50 27 5 18.5% 6 3 50.0%
51 17 3 17.6% 13 5 38.5%
52 12 2 16.7% 12 3 25.0%
53 15 3 20.0% 8 0 0.0%
54 23 6 26.1% 21 1 4.8%
55 11 4 36.4% 17 5 29.4%
56 22 7 31.8% 21 1 4.8%
57 6 2 33.3% 20 4 20.0%
58 12 1 8.3% 17 5 29.4%
59 8 3 37.5% 27 5 18.5%
60 4 1 25.0% 17 3 17.6%
61 19 4 21.1% 14 0 0.0%
62 8 1 12.5% 21 3 14.3%
63 11 3 27.3% 16 1 6.3%
64 12 0 0.0% 10 1 10.0%
65 6 0 0.0% 8 1 12.5%
66 8 0 0.0% 11 1 9.1%
67 8 0 0.0% 5 1 20.0%
68 3 1 33.3% 3 0 0.0%
69 5 0 0.0% 1 0 0.0%
70 3 1 33.3% 2 0 0.0%
71 0 0 0.0% 3 0 0.0%
72 0 0 0.0% 1 0 0.0%
73 3 1 33.3% 1 1 100.0%
74 3 0 0.0% 0 0 0.0%
TOTAL 379 76 20.1% 291 46 15.8%
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Appendix Table A-16. Daily summary of the numbers of cshtmon tagged in the lower
Skagit River and recovered during in-sample surveys, byreteqse

condition, and maturity classification, 1990.

SEX CONDITION MATURITY
Male Female X b3 Bright Blush Dark

Date Rel. Rec. Rel. Rec] Rel. Rec. Rel. Rec Rel. Rec Rel. Rec. Rel. Rec
7-Seq 9 3 4 1 0 0 13 4 13 4 0 0 0 0
10-Se 7 1 8 1 0 0 15 2 15 2 0 0 0 0
11-Se 8 1 2 1 1 0 9 2 10 2 0 0 0 0
14-Se 22 6 19 2 0 0 41 8 41 8 0 0 0 0
19-Se 29 5 11 4 0 0 40 9 40 9 0 0 0 0
20-Se 8 1 6 1 0 0 14 2 14 2 0 0 0 0
21-Se 18 1 10 0 0 0 28 1 26 1 2 0 0 0
26-Se 15 5 8 1 0 0 23 6 22 6 1 0 0 0
27-Se 14 3 17 6 0 0 31 9 31 9 0 0 0 0
28-Se 21 7 11 1 0 0 32 8 31 8 1 0 0 0
3-Oct 46 7 27 5 0 0 73 12 67 12 6 0 0 0
8-Oct 40 10 17 1 0 0 57 11 55 11 2 0 0 0
9-Oct| a7 9 31 6 0 0 78 15 74 14 4 1 0 0
12-Oct| 8 3 5 0 0 0 13 3 13 3 0 0 0 0
15-Oct| 14 2 7 0 0 0 21 2 19 2 2 0 0 0
19-Oct| 24 3 17 4 0 0 41 7 29 5 12 2 0 0
24-Oct| 11 2 16 1 0 0 27 3 22 3 5 0 0 0
25-Oct| 10 1 28 5 0 0 38 6 31 6 7 0 0 0
29-Oct| 2 0 8 1 0 0 10 1 10 1 0 0 0 0
30-Oct] 1 1 2 0 0 0 3 1 2 0 1 1 0 0
31-Oct] 5 0 3 0 0 0 8 0 5 0 3 0 0 0
5-Nov| 7 1 13 2 0 0 20 3 15 1 5 2 0 0
6-Nov| 3 1 14 2 0 0 17 3 15 3 2 0 0 0
7-Nov 10 3 7 1 0 0 17 4 11 3 4 1 2 0
Totals 379 76 291 46 1 0 669 122 611 115 57 7 2 0
% Recovered 20.1 15.§ 0.0 18.2 18.8 12.3 0.0
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Appendix Table A-17. Summary of the estimated number of frags areas downstream of
the tagging area in the lower Skagit River, 1990.

A. Downstream commercial fishery and test fishetgloas.

Catch Catch  Number Number  Estimated

Before After of Fish of Tags Total Tags

Area Tagging Tagging Examined Found Present
8E 0 2,325 928 0
8 0 1,390 208 1
78C 0 4,669 1,434 0
Test Fishery/ 261 1,367 1,364 1
78D-1, 78D-2 0 2,659 611 1

Total 261 12,410 4,545 3 8.2

& Catches prior to tagging not included in tag recovery esipas.

® Test fisheries at Area 2, Spudhouse, Blakes, and Jetty.

¢ Estimated catch below the tagging area by the comahdishiery after the onset of

tagging.

B. Downstream spawning areas (redd data from Conrad é08B).

Estimated Estimated Estimated Number Number Estimgted
Number  Number of Total of Fish of Tags Total Tags
Area of Redds Fish/Redd Escapement Examined Found Pregent
Carpenter 73 2.75 201 33
Nookachamps 414 2.75 1,139 73
Total 487 1,340 106 0 0
C. Out-of-system tag recoveries.
Number Number Estimated
Recovery of Fish of Tags Total Tags
Area Examined Found Present
Grover’s
NA# 1
Creek
Total NA 1 1

# Recovery not expanded, tag recovery not part of randomple at the hatchery rack.
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APPENDIX B

Details of abundance estimates generated for 1990.
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APPENDIX B

RECOVERY LOCATION: Marblemount Hatchery
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation

TAG RELEASE AND RECOVERY SUMMARY:
Number of Tags Released = 670
Number of Fish Examined for Tags = 7,329
Number of Tagged or Marked Fish Recovered = 107

RECOVERY LOCATION: Baker River Trap
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation

TAG RELEASE AND RECOVERY SUMMARY:
Number of Tags Released = 670
Number of Fish Examined for Tags = 1,382
Number of Tagged or Marked Fish Recovered = 16

RECOVERY LOCATION: Commercial Fishery
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation

TAG RELEASE AND RECOVERY SUMMARY:
Number of Tags Released = 670
Number of Fish Examined for Tags = 687
Number of Tagged or Marked Fish Recovered = 10

RECOVERY LOCATION: Marblemount — Baker - Commerciattery Pooled
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation

TAG RELEASE AND RECOVERY SUMMARY:
Number of Tags Released = 670
Number of Fish Examined for Tags = 9,398
Number of Tagged or Marked Fish Recovered = 133
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